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Association Analysis of Rice Cooking Quality Traits
with Molecular Markers
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Abstract: [Objective] In this study, the variation of major grain-quality traits and RVA profiles of representative rice
germplasm were investigated, molecular markers significantly associated with the traits were identified, aiming to provide an
important foundation for improvement of grain quality of rice. [Method] Global grain-quality properties and their differences were
surveyed with a rice panel consisted of 48 diverse germplasms collected from both China and abroad. Starch RVA profile was
examined with a Rapid Visco Analyzer. The markers reported to be related to starch biosynthesizing genes and QTLs for
development of rice grain were used for genotyping. Trait-marker association for grain-quality properties was detected using the

general linear model with Tassel 3.0 software. Moreover, stepwise regression analysis was performed with these detected markers
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significantly associated with grain-quality traits. The phenotypic effects of the alleles and allelic combinations were estimated and
both elite alleles and typical carrier genotypes were identified. [Result] There were wide phenotypic variance and diversity in
amylose content (AC), gel consistency (GC) and alkali spreading value (ASV), and the coefficient of variation (CV.) ranged from
26.5% to 36.3%. Based on inspection of RVA profile, significant differences were found in breakdown (BDV), setback (SBV) and
consistence (CSV), and these parameters have preferably reflected the diverse starch paste properties among different rice varieties.
Correlation analysis showed the AC was positively correlated with cool paste viscosity (CPV), SBV and CSV, while negatively
correlated with peak viscosity (PKV) and BDV. The GC was negatively correlated with SBV and CSV. A total of 491 alleles were
identified with 154 polymorphic markers, with an average gene diversity of 0.447 and an average polymorphic information content
of 0.390. Based on the analysis of trait-marker association, a total of 22 markers were detected to associate with grain-quality traits,
which explained the phenotypic variance ranged from 14.11% to 75.62%. The GBSSI gene majorly affected the properties of AC and
GC, and the SNP marker of Wx-G/T explained up to 61.44% and 41.87% of the phenotypic variation for AC and GC, respectively.
While the SSI/a was the major gene affecting ASV, and the phenotypic variation of ASV explained by the markers of alk-GC/TT and
SSIla-F was up to 75.62% and 74.46%. The model equations based on stepwise regression analysis of AC, GC and ASV were
developed using the significant markers, whose determination coefficients were 85.30%, 40.62%, and 80.38%, respectively.

[ Conclusion] The starch RVA profile wass closely related to AC, GC and ASV. The RVA profile can be used to evaluate rice
quality traits more comprehensively. With trait-marker association analysis, 22 markers were detected to be associated with
grain-quality traits, and five of these sites were associated with both AC and GC. Regression models showed allelic combination can
produce different phenotypic effects.

Key words: rice; grain-quality traits; trait-marker association; allelic variation
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content, AC) ¥ {tif# & (gelatinization temperature,
GT) FIRHE (gel consistency, GC) sEFEKZEK
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AREEPE R TCREAT 20 AW, I8 22 AN Kt T PR
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RS TE
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Table 1 Rice germplasm materials used in this study
55 1D 4 B Name K Source WA Sub-population ||F5 ID 4 FK Name K Source JF#¥ Sub-population
1 N o i il 25 fiudk 1173 SIS il
Yuzhenxiang Hunan, China Indica Hanghui 1173 Guangdong, China Indica
2 02428 T EYCR iR 26 B TR Hi
Jiangsu, China Japonica QiuB Guangdong, China Indica
3 #7315 TETR iy 27 el TSV iy
Huahang 31 Guangdong, China Indica Huazhan Guangxi, China Indica
4 Fh 22 PETR HliZY 28 Btk 727 o [ L HliZY
Wushansimiao Guangdong, China Indica Chenghui 727 Zhejiang, China Indica
5 Tk 9816 LT iR 29 9311 Y] il
Shennong 9816 Liaoning, China Japonica Sichuan, China Indica
6 CT 3 370 R p HiliZY 30 THAH T T HiliZY
Basmati 370 Pakistan Indica Yunnanhonggu Jiangsu, China Indica
7 Kasalath HA illEis) 31 KRiFp =M illEie)
Japan Indica Dalizhong Yunnan, China Indica
8 Cy e TR iy 32 HURE SHEPN iy
Huakuanzhan Guangdong, China Indica Zaojingzhan Yunnan, China Indica
9 FAEN AR HiliZY 33 Ak 016 L7 R
Xiangyaxiangzhan = Guangdong, China Indica Shennong 016 Liaoning, China Japonica
10 Francis % PJINEE it} 34 Iz K 23 SRIESHIIN HERY
United States Javanica Wuyunjing 23 Jiangsu, China Japonica
11 22 hHE = iR 35 FIAL 46 TR iR
Yunjing 22 Yunnan, China Japonica Nanjing 46 Jiangsu, China Japonica
12 #®EB AR HiliZY 36 Ak 8 5 SRR HER
TaifengB Guangdong, China Indica Yongyou 8 Zhejiang, China Japonica
13 I K TR il 37 W030 o L5 R
Jingxiangnuo Guangdong, China Indica Jiangsu, China Japonica
14 J3 HLRE TR iy 38 SEW1 S TR iy
Wanlinuo Guangdong, China Indica Xiangyinong 1 Guangdong, China Indica
15 TR 924 Y HiliZY 39 Rk ot AR HiliZY
Hongwanxian 924  Jiangxi, China Indica Chanchengzhan Guangdong, China Indica
16 EAEICRE TR il 40 BARS AR il
Guiyu 9 Guangxi, China Indica Yuebiao 5 Guangdong, China Indica
17 JeHE 21 rhE R I 41 Jo¥ 155 TR GIEE
Longjing 21 Heilongjiang, China Japonica Guangyuanzhan 15 Guangdong, China Indica
18 KEh 2 AR HiliZY 42 i+ B AR HiliZY
Meixiangzhan 2 Guangdong, China Indica Hengfeng B Guangdong, China Indica
19 D 13 5 P R i 43 BA i RN TET R i
Xiangwanxian 13 Hunan, China Indica Kaipingxiaoyouli Guangdong, China Indica
20 Hi3= 003 T Hil 44 Bl TR Hi
Liufeng 003 Guangxi, China Indica Ruanzhan Guangdong, China Indica
21 it 8558 TP HiliZY 45 ke 2 5 AR HiliZY
Luhui 8258 Sichuan, China Indica Pengdao 2 Guangdong, China Indica
22 EE PETR i 46 TG TET R i
Jiugixiang Guangdong, China Indica Huangguangruanzhan Guangdong, China Indica
23 JPE 2 22 TR iy 47 HARE HET iy
Shengbashimiao Guangdong, China Indica Guihefeng Guangxi, China Indica
24 B AR HiliZY 48 F2TE [ i HiliZY
Guinongzhan Guangdong, China Indica Sanglandao Hainan,China Indica
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1.2 BARGBRUREE
PE BT 2015 FME MO T XM NUR &
Bl TR R AW OIS FE - 7D o HH )P # OK
NE i HUFEBTR S 2 oK R Bk S it
F ANV A bR E NY 147-881 ST 5 B B v K 2 &
(AC) . IRFIBE (GCO FHHIE (ASV) o W&
RVA 5058 R A3 8 s kb2 Ay (dbat) FRA
4 FH RVA (Rapid Visco Analyzer, Model 3D) i
TR ek A AR YE, JFH TCW (Thermal Cycle for
Windows) BLEHAEHT. W5 4% AACC BUFE (1995
61-02) Z3k, HIE/KEN 14.0%H0F, Fia 3.00 g,
ZRMK 25.00 mLo P 5E A P E Yl 23R Kl 50°C
R%F 1 min, LL 12°C/min EFH3] 95°C (3.75 min) ,
95 CHR#F 2.5 min, LL 12°C/min R3] 50C (3.75
min) , 50°CIRFF 1.4 min. HEFEAAER LR 10 s EEE)
JHSE N 960 r/min, LLJE RFFFE 160 r/min. RVA 154
EF e = B B (peak viscosity, PKV) « #EZEEE (hot
paste viscosity, HPV ) FI¥& K & /% (cool paste
viscosity, CPV) #fiit. 7 TCW F/7H ik FH /KRG 11
ST C rice method) , o, FRIFPSHEN:
Temp At Visc Rate (2, 7, 1, 36) , JHIiRJE (pasting
temperature, PT,) %A 7T T34
Zh AT “Rapid Visco Units (RVU) 7 B JH 1
(centipoise, cp) K7No
1.3 S Frricn
K CTAB EARHUKFEM FHH 7 FEI 4] DNA.
TG IR il S R 0 A e A & — 3B o I ek
FSAH REE R SR 7 Fhmic s DASRE KK FRIAT SRR
EBRIC, ¥ K& SNP. SSR Hl STS 25brid KM, &
WP IR 3RS T OG22 A PEbRad 3L 154 A
LTI o P 5438t 4 e AR )R AT TR
I e ANE B PCR I NAR R Ky G FE P2 [
ZHAO 5PV, R A 8178 6B 415 Bdk (Fragment
Analyzer™) 5] PCR 4 18 4), J£H PROSize 2.0
AR H UK BT 04T, 1€ 77 DNA 7 BOK R,
TSR A R
1.4 HURALE
FIH Excel #1 SAS 9.3 #HATHARI G 4. X
RRE v A SRR v T S SN R VA S = X )t
WA, HAkZM LEE 575k, FIH Power
Marker 3.25 B HAEANAL 2S5 HE KL (number
of alleles per locus) I ZAEPE (gene diversity) Fl

Z A5 B & & (polymorphism information content,

PIC) . Lk Structure 2.3.1 FAFIEAT AL S5 4 (173
Mo Al AL AL K, EHUEEEY 1—10,
# MCMC (markov chain monte carlo) IR AIAME
BikAL (length of burn-in period) ¥4 10 000 7%, 5
K AVEROEARE [ MCMC #5410 000 1R, 1%4RIREL

(number of iterations) W& K 5, I Q &¥. XM
Tassel 3.0 Fff— L8 (general linear model,
GLM) , L Q 1EAHh A, FIH R IR 83 ihrd
B AT [BIE ST, AR I R AR S (R 5
%% BRESEGHELLOMHISL [H #1252 )7 it #dRic
A RS AR S R R TR AR

2 R

2.1 WBARMEEXMERTROHF RVA IES T

TR SRR R A, 48 G0 RUTA R AR I
Bz R . B, AC R 5.9%—27.5%. GC
4 24.5—142.5 mm. ASV 4 1.0—7.0; AC. GC FI
ASV 78 57 R BN 26.5%—36.3% (£ 2) . Wik
MRFR IR B R B 2 R

FETFh MG E i RVA 3% 3258 e WK F i
KRR RRE o AR 5 UE R R I A DA DG IR 28 38 i 5
PEIR, BPAC. GC F1ASV, EH 18 4y AR
a A (€ 3) T RVA RHE(E i 555K, A
Al iR RVA Bk RS URHE AR R 2 . JErr,
THIRAE (setback, SBV) AR R N, HRAEF
18 (consistence, CSV) Al jif fi# {4 (breakdown, BDV),
LA RVA HERFAEAE 78 5 RAY N o AN[RIK G i
Tl RVA $EHEAEAEAE PKV. HPV. CPV. PT,, Ml
fEIF ] (peak time, PaT) LIfZESAK, {H BDV.
SBV 1 CSV S48 br LI Wl 22 5, FLAT Wb Fh ok Sk o
2 0T R ot o P U AL BF 7] 5 %, b 3.6 A 3.7 mins JF
HEATH/N SBV Al CSV, W X 43 T oAt A 45 ol
5o

FEK St TR PEIR 5 RVA SRR AE A AR M 43 B (R
4) K, AC 4355 CPV. SBV fl CSV i g8
B FIEM G, 5 PKV #l BDV 2 7AH5¢, i,
AC 5 SBV IS RHIA 0.794, i EH B 2 0
B, Kasalath (AC 27.2%) F1ZE+ B (AC 27.0%)
1) SBV oM IEAH, i TIARARRGEM R, W 3
ME 4 /TLLEH, AREGMEALG AC I GC A
], RVA i 5 A o FR ARG SR O BUORE « JREHD
RVA i E R Ik BDV # Kk, CPV /I, SBV J
il HAgs AR, IE3) PRV R4, = BT



41 YEYESE . K2R AR 5 43 Fhmid SRR 5T 603

FT2 a8 pkFEMIRIRYTE R ERMERE

Table 2  Grain-quality traits of the 48 rice materials

AL EAEE JREHA i BVHAE | B O ihgiilia T

Varieties Amylose content (%) Gel consistency (mm) ASV Varieties Amylose content (%) Gel consistency (mm)  ASV

R 14.9+0.2 85.0+0.0 6.140.1 || 5 Ay 15.8+0.3 83.8+0.0 6.8+0.2

Yuzhenxiang Zaojingzhan

02428 13.3+0.3 94.5+0.1 1.9£0.1 |tk 1173 15.3+0.6 89.0£0.0 6.340.1
Hanghui 1173

AR 31 %5 18.8+0.3 106.5+0.0 6.7£0.2 ||’k B 24.4+0.3 24.5+0.0 4.5+0.0

Huahang 31 QiuB

EIEA 13.9+1.0 49.5+0.1 7.0£0.0 |[*E Y 14.9+0.3 98.7+0.0 1.0£0.0

Wushansimiao Huazhan

kA 9816 16.5+0.5 95.5+0.0 53+0.1 ||tk 727 17.1+0.3 116.0£0.0 1.0+0.0

Shennong 9816 Chenghui 727

B 370 15.7+0.4 98.50.1 6.4+0.1 |9311 27.5+0.4 50.0£0.0 7.0£0.0

Basmati 370

Kasalath 27.2+0.5 55.5+0.0 4.0£0.0 |=mEELY 14.3£0.3 127.0+0.2 1.2+0.0
Yunnanhonggu

Sy 19.140.3 103.5+0.0 6.740.0 || KRRl 20.9+0.3 111.5+0.0 2.9+0.1

Huakuanzhan Dalizhong

S 17.4+0.7 104+0.1 7.040.0 ||JEAk 016 15.4+0.2 127.540.1 5.6+0.1

Xiangyaxiangzhan Shennong 016

Francis 16.1+0.1 95.5+0.0 1.120.1  ||[FUZHE 23 16.8+0.1 99.0+0.1 6.0+0.0
Wuyunjing 23

=R 22 14.3+0.4 95.0+0.2 6.0£0.0 |[F9H 46 10.7+0.0 142.5£0.1 4.7+0.0

Yunjing 22 Nanjing 46

ZEB 27.0+0.0 66.0+0.0 7.0+0.0 ||FfL 8T 17.2+0.4 114.5+0.0 5.8+0.0

TaifengB Yongyou 8

IR 6.3+0.3 123.5+0.1 5.5+0.1  |[W030 13.4+0.1 111.0+0.0 6.5+0.2

Jingxiangnuo

J7 1R 5.9+0.2 120.0+0.2 6.2+0.0 | ZEHK 1Y 17.0+0.1 81.5+0.0 5.940.1

Wanlinuo Xiangyinong 1

Bkl 924 18.7+0.1 58.0+0.0 7.0£0.0 ||k 24.2+0.0 54.5+0.4 6.5+0.2

Hongwanxian 924 Chanchengzhan

HH 95 19.240.7 68.5+0.0 7.0£0.0 ||hr S5 5 18.7+0.3 142.0+0.1 6.0£0.0

Guiyu 9 Yuebiao 5

JeAE 21 15.8+0.1 92.0+0.0 62402 || YE Y 15 %5 14.7+0.3 114.0£0.4 6.7+0.0

Longjing 21 Guangyuanzhan 15

X/ 25 16.8+0.3 104.5+0.1 7.0£0.0 |[fHEB 14.8+0.3 110.5+0.1 1.0+£0.0

Meixiangzhan 2 Hengfeng B

WML 13 5 15.5+0.6 91.0+0.0 6.2+0.0 |[FF /MK 15.240.4 112.5+0.4 7.0£0.0

Xiangwanxian 13 Kaipingxiaoyouli

= 003 17.7+0.6 77.0+0.0 6.3+0.2 |kl 13.7+0.3 107.5£0.4 7.0+0.0

Liufeng 003 Ruanzhan

VK 8258 15.9+0.4 95.0£0.0 6.0+0.3 ||M5FE 2 5 14.3£0.2 107.5+0.4 6.7+0.0

Luhui 8258 Pengdao 2

hWt#EF 14.6+0.4 97.0+0.0 1.0+0.0  |[3%) B 15.9£0.0 103.5+0.1 6.7+0.2

Jiugixiang Huangguangruanzhan

i B 22 15.8+0.1 79.3+0.0 6.5£0.0 |[FEARFE 17.6+0.4 116.5+0.1 7.0+0.0

Shengbashimiao Guihefeng

R 26.8+0.1 51.5+0.0 7.0£0.0 || F24H 16.9+0.2 101.50.1 7.0£0.0

Guinongzhan Sanglandao

B R 26.5 26.5 36.3

Coefficient of

variation (%)
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Table 3 RVA profile characteristics of 18 rice varieties

it AR RVU BRI AR )

Varieties A oA IR AR kL 152 {1 Pasting  Peak tims
Peak viscosity Hot paste Cool paste Breakdown Setback Consistence  ‘emperature (C)  (min)

(PKV) viscosity (HPV)  viscosity (CPV) (BDV) (SBV) (CSV)

T 402.8 165.3 305.0 2375 97.8 139.7 68.2 5.5

Yuzhenxiang

02428 3712 175.4 304.2 195.8 -67.0 128.8 75.3 5.7

R 315 391.1 177.2 337.4 213.9 -53.7 160.3 68.2 5.6

Huahang 31

Flizzi 380.4 170.4 340.8 210.0 -39.7 170.3 68.2 5.6

Wushansimiao

Ak 9816 331.0 170.0 289.0 161.0 -42.0 119.0 65.9 5.9

Shennong 9816

EE S 370 368.8 162.5 291.5 206.3 2713 129.0 65.9 5.7

Basmati 370

Kasalath 233.1 116.2 3123 116.9 79.3 196.2 72.1 5.5

4y 367.4 152.1 293.4 215.3 -74.0 141.3 66.7 5.6

Huakuanzhan

GHT 396.8 188.9 340.9 207.8 -55.8 152.0 66.7 5.5

Xiangyaxiangzhan

Francis 367.9 160.6 323.1 207.3 -44.8 162.5 76.2 5.5

=HE 22 3247 197.9 3238 126.8 -0.9 125.8 68.2 6.1

Yunjing 22

ZEB 324.3 268.9 4473 55.4 122.9 1783 66.6 5.7

TaifengB

IRIF IR 312.5 143.0 177.2 169.5 -135.3 342 65.0 3.7

Jingxiangnuo

J7 G 306.5 146.3 178.0 160.2 -128.5 31.7 65.9 3.6

Wanlinuo

IRl 924 340.9 180.9 359.5 160.0 18.6 178.6 68.9 5.9

Hongwanxian 924

HH9S 371.8 171.5 333.8 200.3 -38.0 162.3 66.6 5.5

Guiyu 9

ekt 21 337.7 159.9 276.9 177.8 -60.8 117.0 67.4 59

Longjing 21

EF/L 25 338.1 183.6 338.8 154.5 0.8 155.3 66.6 5.5

Meixiangzhan 2

A R 11.75 17.89 19.66 25.16 -168.52 32.00 4.63 12.52

Coefficient of

variation (%)

x4 TEARBRMEKS RVA IZFFEERHEX T

Table 4 Correlation between rice quality characteristics and RVA profile characteristics

AN R P PR SR TH A [EIB=EE) AL VAR I [R]
Cooking quality ~ Peakviscosity Hot paste viscosity Cool paste viscosity Breakdown  Setback Consistence  Pasting temperature ~ Peak time
NERGS ey -0.622* 0.168 0.538* -0.651%*%  0.794%* 0.689** -0.079 -0.187
Amylose content

JBHRE Gel 0.392 -0.020 -0.408 0.354 -0.547* -0.665** -0.088 0.003
consistency

THE ASV 0.164 0.328 0.294 -0.074 0.085 0.065 -0.910** 0.104

#Fe {2 7KF- 43 3 R P<0.05 R P<0.01  Value with * and ** differ significantly at P<0.05 and P<0.01, respectively
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B AR BN B P (Kasalath. £ B) RVA
R RN BDV /N, SBV K. fknl
WL, FEK S B AC I GC S 520 RVA %45 A
) 2 AEEFALIEAR. AL, GC 515 SBV HI
CSV W EMAMK; ASV 5 PT,, 2 W3 A%,
RVA FiEfE S, SBV 5 CSV [ 5 AC Al GC &
FAAOG, R WERE K g o B 2 AR AR M
FIH& 8 AR B PT, 5 ASV HH & &R Hik
0.910, & A% 7 72200 5 F1) P Ty, W RS B s Sz e R K v
B WAL
2.2 FRIB-ZErEE R BE AT

154 N2 MEpRd IR I 2] 491 ANSEQ AR R,
SERSJREAN A 3.19 A, AN w857 55 PR E R i v L
h 2—8. FALRUIER Z RN 0.447, AR A
0.041—0.829, X TZ&MEELRSE (PIC) , bridiH
FERR, MR R 0.040—0.806, MK 0.390, H:
W, 27 W BRI Z AT, 82 MG IMAP LS
PLRL, 45 X510 2 A A

KH] EVONNO 25RUAN 21 (1) 7 V3047 JE A 45 1)
IR, AKAETWRECH 2 AT 0 0,
MR TE B WAEEfE R 2. FH— DR
02428, kA 9816, Pk 016 =K 22, Jufd 21,

x5 EARMRMEKEZKEKMIRCAS

IS 23, B 46, W030. FAL 8 5 IRl A
FERGE A s HABA R A 756 —ANERE, AR
o FIH Tassel 3.0 #KAFAH 1 GLM LAY, DL k]
XTI Q AEAE R AR AT R AT, S5 R R,
76 0.01 ZKPR, AT ASREMEAR LA I 3] 22 A I
FRiofr i, Hh RIS AC Al GC RIBEIAL S 5
AN o BN BR DAL A BT (R Tu B 14.11%
—75.62%

FrRid-TER OGRS R, 5 AC KERIIAL mi AT
15/, REVB SRR RN 14.34%—61.44%,
JLHRAE 3 ANE R S B SE R (GBSSIL Bellb F1 SSD
A9 M AL TTERE B A 2 Wx-G/T; 5 GC X
IR IAL AT 8 AN, RV SRR RJu A 14.11%—
41.87%, 1E 3 MUEM G Bl HE K ( GBSSIL SSI F11 SS1I1b)
A5 AN AL, TR RS Wx-G/T; 5 ASV
KIRIIAL A 4 A4, RV SRR JaHE 4 19.01%
—75.62%, A, SSHa (1) 2 A7 s (alk-GC/TT Fl
SSHa-F) [ o1 ik 272 P A R BRAL s de a1, 2300l
H9 75.62%F1 74.46% (K 5) o 44> GBSSI FINL A5
4 A~ BEITb WAL 13 LA S 1 AN SST AL s 05 AC 3%
I, GBSSIFI SSI #1452 M7 5 GC 3 K HE,
2/ SSIa WA S ASV 25 51k, £ W] GBSSI.

Table 5 Marker loci significantly associated with grain-quality traits

ERIN fr A USRS P1H DAt €S2 N (A POGRES Pl TURE
Traits Loci Chromosomes P-value R* (%) Traits Loci Chromosomes ~ P-value R* (%)
HEEEk AR Wx-G/T 6 3.90E-11 61.44  ||fREHHEE Wx-G/T 6 2.80E-07  41.87
Amylose GBSSI-4-IF 6 4.13E-07 4792 |9 GBSSI-4-IF 6 296E-05 3535
content consistency
Bellb-1-F 2 1.67E-05 33.49 INV1 4 3.33E-04 2857
Bellb-3-F 2 1.67E-05 33.49 SSI-1-F 6 7.08E-03 22.74
MS40671 5 4.39E-04 33.34 SSI-2-F 6 9.51E-04 20.38
RMI16 3 2.70E-04 30.65 RMG2762.HAU2762 2 8.28E-03 18.34
Bellb-2-F 2 2.76E-04 30.58 RM15206 3 2.20E-03 17.79
RM481 7 3.87E-03 29.69 SSIIIb-IF 4 7.03E-03 14.11
GBSSI-F 6 1.41E-04 27.32 Tk (i alk-GC/TT 6 9.66E-16  75.62
GBSSI-3-IF 6 1.13E-03 26.11 ASV SSIla-F 6 2.92E-15 74.46
BEIIb-IF 2 2.94E-04 25.09
INV1 4 8.88E-03 19.00 RI0399 5 3.81E-03 22.12
SSI-2-F 6 3.34E-03 17.29
RM15206 3 3.49E-03 17.15 RM10316 1 9.13E-03 19.01
RM15937 8 8.09E-03 14.34
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BEIIb A1 SSI % AC FI GC B — R e 1E A, SSlla
Xt ASV HAey —w e fEH . i, dxid Wx-G/T.
GBSSI-4-1F. SSI-2-F. INV1 1 RM15206 @} 5 AC

IEFRIASE A A5 AT e R 2050 8 22 A e ok I 5 v 6% TR ) 2%
M EIINER 6 FiR. 5 AC B3 CBLHIL AT
Wx-G/T HATH KRN Z 7, Wx-G/T-G Lv‘

I GC Kk, Wx-G/T-T RN ZHIER] T 10.6%. AC k5L
2.3 XBERKMBEMEREMEREREESHINN ST e KA AR 508 Wx-G/T-T, 37 2 7R b k)
5 AC. GC 1 ASV B3 R HoTiRE AL THr 4 WO030 I zME 22.
F*6 BEEMRIEKKIRASRFIYY
Table 6 Marker loci significantly associated with important grain quality traits and their phenotypic variation
ERON B3 M RIEAT A5 Significant associated locus SERLIED Y RN S FARIA L
Trait PEER/QTL o N A Allele A; Typical carrier materials
Gene/QTL Locus Phenotypic difference
between alleles
HAEER &= GBSSI (Wx)  Wx-G/T (0.61) 10.6% T -13%  WO030. =#E 22 W030, Yunjing 22
Amyl .
mylose content G +9.3% Kasalath. Z£7 B Kasalath, Taifeng B
GBSSI-4-IF (0.48) 10.1% C -1.0%  Jub#F. LY Jiugixiang, Zaojingzhan
T +9.1%  #EA5 Guinongzhan
BEIIb Bellb-1-F (0.33) 2.3% 131 bp -0.6%  HiLZw, EATEE 370
Wushansimiao, Basmati 370
121 bp +1.7% Kasalath. 9311
Bellb-3-F (0.33) 2.2% 451 bp -0.6% 161 31 %5+ 4 46 Huahang 31, Nanjing 46
391bp  +1.7%  Z=E B. 9311 Taifeng B, 9311
JEAREE Gel GBSSI (Wx)  Wx-G/T (0.42) 50.9 mm T +6.4mm % 5. kA 016 Huakuanzhan, Shennong 016
consistency G -445mm Kasalath. F:4¢ 5 Kasalath, Guinongzhan
GBSSI-4-IF (0.35) 50.7 mm C +5.1mm FFP/AMIERL Kaipingxiaoyouli
T -45.6mm ZF B Taifeng B
GIF1 INV1 (0.29) 58.6 mm 111bp +3.8mm Pk 727 Chenghui 727
124bp -549 mm Kasalath
SSI SSI-1-F (0.23) 72.7 mm 198bp  +24mm LA 016, FFAF 46 Shengnong 016, Nanjing 46
220bp  -704mm Kasalath, FX B Kasalath, Qiu B
B E SSlla (alk) alk-GC/TT (0.76) 4.1 TT +0.9 HERE. #5 Guihefeng, Ruanzhan
ASV GC -3.2 02428, Francis
SSIIa-F (0.75) 44 114bp  +0.7 ERD 924, EFE 25
Hongwanxian 924, Meixiangzhan 2
106 bp 3.7 Jut#. 7 Jiugixiang, Huazhan
gPGWC-5 RI0399 (0.22) 1.7 355bp  +0.3 AR 31 5 KD 924
Huahang 31, Hongwanxian 924
386 bp -1.4 £\, A4 Huazhan, Yunnanhonggu
Gnla RM10316 (0.19) 2.9 147 bp 2.4 1653 B. =M 44 Hengfeng B, Yunnanhonggu
145 bp 0.4 Z&F B. £ 25 Taifeng B, Meixiangzhan 2
142 bp -0.8 %K 727 Chenghui 727

7 R A TR AT 0 AR S AR

The number in parenthheses in the cloumn of “Locus” indicates the explained percentage of total phenotypic variation by the locus



4 1 YRR TR AR BUMEIR S 2> AR IC RIR DT 607

SSI-1-F X} GC HAT&E KRN 757 (72.7
mm) , HUUETTERR KT Wx-G/T (+50.9 mm)
I KR AR 7 2 Wx-G/T-T (+6.4 mm) , M7
WA RE 5 E LA 016, HkJE GBSSI-4-IF-C

(+5.1 mm) , HRIEARRBHE TP MILKL .

55 ASV I3 ST A7 pi S5 i R] (1) 38 70 20 22
Sef KL SSIa-F (4.4) , USSRk E i K
alk-GC/TT (4.1) , M, alk-GC/TT-TT HAfHK
AR AN, (+0.9) , SR ARM B EFERF
R

o, SORAAARIRE W30, TF P/ MIRLATK by
G AC. GC #l ASV (HIEE AR (2D , GBSSI
] Wx-G/T GBSSI-4-IF #I SSIIa 1] alk-GC/TT 477 £
FEIT 5594 T/T C/Cy TT/TT, B SAAAR F .
KL, WO030. FFP/MIDREFIER & 2548517 T # AC,
GC J ASV 2 AL A IE N, T AR AP0 o it e
B ToEAR,

I I8 25 (A1 U FR) 7 008 25 PR Sl 3 1 DG IR Rk

x71 BLEEAREPIRCHEMEREAS

TTMTINE LW, AC. GC Fl ASV A5 [A] R 7 rp
ST 5. 2 F 2 AN CIHbRIE (R T B D o A
MR RABTERR T ) 2 MR ZER . Wx-G/T,
GBSSI-F. RM16. GBSSI-3-IF fll RM15206 5 /M 4
MALEXT AC P E RECH 85.30%, Hf, Wx-G/T
1 GBSSI-F AT NS E S i AC 1 33058 A
GBSSI WAL i, HA m e R4 (68.60% A1
12.08%) HoAth 3 /N K AHIFFEIRAF BT 5o AN IR 45
PEFEDRA A HA AT AC {8, o, G/VIVA/I. G/I/
/AL F G/UI/C/ SEp BN & BA R 1 AC,
T/AVUANL S5 5L A AR R R, AC {EARAIG;
Wx-G/T fl RMG2762.HAU2762 w] LI Kl GC,
YE RECH 40.62%, FKPTIEAR X GC HEAT T
WIAT — 5E [ R e s alk-GC/TT I SSIa-F 2 M7 41
SR LU R ASV, WE REH 80.38%,
alk-GC/TT HA FEMPEEH (76.71%) , GC/
A GC/I A5 He R 4 & HAT BRI ASY, TT/I %547
SN A R8BI ASV.

Table 7 Allelic combinations based on the stepwise regression models

PR SAERA A SRR ME KM A NG [l =y R A YeE R
Traits Allelic No. of Minimum  Maximum Mean Standard Regression equation R (%)
combinations  genotypes Deviation models
BRI T/I/I/A/IL 2 5.9 6.3 6.1 0.3 y=17.71-9.74x149.19x2+ xI 68.60
- +
Amylose content TVIVA 5 137 18.8 152 21 1.35x3-3.48x4+1.40x5
(%)
T/V/VA/IL 9 10.7 17.2 14.8 2.1 x2 12.08
T/I/I/A/L 25 14.3 19.2 16.4 1.5 x3 1.07
T//I/C/I 1 20.9 20.9 20.9 x4 2.37
G/I/1I/A/T 3 24.2 27.5 25.3 1.9 x5 1.18
G/I/1II/A/IT 1 26.8 26.8 26.8
G/U1I/C/ 2 27.0 27.2 27.1 0.2 M Total 85.30
JRHRE Gel G/l 6 245 66.0 50.3 13.8 y=64.81+43.49x1-9.31x2 x1 37.94
consistency (mm)
T/ 32 49.5 142.0 99.0 19.7 x2 2.68
T/ 10 92.0 142.5 108.3 16.6 M Total 40.62
TS ASV GC/I 8 1.0 4.5 1.8 1.5 y=1.84+2.82x1+1.77x2 xI 76.71
GC/I 3 1.9 6.0 3.6 2.1 x2 3.67
TT/II 37 4.7 7.0 6.4 0.6 & Total 80.38

HHEEER i SN A A ARCHINUT N xI: Wx-G/T; x2: GBSSI-F; x3: RM16; x4: GBSSI-3-IF: x5: RM15206. ACHHRE: S5y IEA41&hric
IR xl: Wx-G/T; x2: RMG2762.HAU2762. WiF{H: S5A7 iR AFRC T 0 x1: alk-GC/TT; x2: SSlla-F

Amylose content: The order of the markers for the allelic combination are x/: Wx-G/T; x2: GBSSI-F; x3: RM16; x4: GBSSI-3-IF; x5: RM15206. Gel consistency:
The order of the markers for the allelic combination are x/: Wx-G/T; x2: RMG2762.HAU2762. ASV: The order of the markers for the allelic combination are x/:

alk-GC/TT; x2: SSlla-F
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Fig. 1 Box plots of the allelic combinations
3 b 5510 MANE T C/T SNP v o BT R K AR (1)
J1E

AARIGARF M S P I FEOK JERY RVA A I 45
T, ARFSFE RVA 38 K AR A7 A2 W 2 22
S, THIRAE AR S SR B K, FLUROR [ S A o A1
XGRS S R, (AR REUYE R, +
FUEHTRTIEMEHE AC A1 GC LR B . MM
ST RIL, RVA FHEES AC I GC 771 ik 2 sl ik
FAHIME, BRI AC R GC 25401 RVA iy
TEAR R 2 AN EFHA SRR, X5 H AFFEs S,

HHCAH DG RN T 58 RAECIRFTCAE SR, X T hE 2
1B AR D

AEFFITH 154 N2 MERRd, JERIIE] 491 4N
A, PRI, s BAT 3.19 MRS, AR
H 28, “PIEE S I 2 E RS E (PIC) 24 0.390,
ARMEA 0.040—0.806, BALZ RN 0447, BEIGT
T NFFFTSE JE2), T30 R R AR5 T R R i 434 SNP
brid, AXEERTER, BEAMY AR I 2 SME R

WIS 48 A AN[RI K FE S A5 A K S A DG 43 1
FRIC I SRIEYE 2B, XS T 20 AN 5 UER & BB AH OC
ML, Rk AC 1l GBSSI ##4, GC thnlfgE
L GBSSI mi 5 H S 14 B0 1) i DR A s s AT
¢ Wx-G/T %} AC Fl GC [HoamkFaEck, 25k
61.44%F1 41.87%, [AIIF GBSSI {1 HiAth 4 AN 5% AC
1 GC kK (>25%) , UiH GBSSI &5
BRI S R AR B 10 IR, IX 5 TIAN 2627
IRFIE 45 RAMIFF . GBSSI-4-IF 5 GC ¥ xEE, X5

B A B BN 25, SSila
UHAFEEE 8 4ME T GC/TT SNP A7 15D SR AL 5
HATEE >0 AR50 SSHa 1) 2 MY A5 ASV
YW EAMK. BRT SSHa Ak, A B HoAh e #;  k
FHOCHE R ()7 AU IR A AR DG, X T Re S 2 8516
BEHP) ASV BKAT K.
MERFFER I, $2m GC 8L 2 wx L
(GBSSD , (HAWFEH, 45 Wx FER B —FERE BT,
HIL GC R ZERERNIIINE, WK 46 F Tl 22
T T 1S SRSk 924 i wx BRI K
T/T, 2 GC HZERMBA. FEHIER, Argef Ll FIL
e (D) JEREAEARRE ORI J Al AR 547 R
FEE SR ] GC MAALEE N S wx BRI HLAE, (R0
AN S wx SER HAE R R A A (2) GC
B2 3 DAL IR ARSI, AR B, 5
WA A 3 P 1) O IR 2 alke (SSTTa) B3, AHE5E,
ZAE 22 1 alk FEPH Sy GC/GC, {H HLg i i 52 Rk O
R AR, X H A Ao 4 kw &P,
NAKAMURA 2P 50, R[H] SNP A7 & iIAH
YEH 2= 520 SSIla BEATEE, 7F 4 198 bp AL HIL G/A
SNP (1) A {isif, ANig SSla FEHFH Ky GC/GC 8%
TT/TT, HRIHACHIALEE, X062 S8 =8 22
T ICR Ak B 1R SRR
AN bR AE T K A AR RS [ R T B e

(10 ) SR 5 %) S 25 DG B R 1 ) 2 1 (R A S 28w DL
T M, LESTARI “50SId 37 7 £ A4S H sk il 1
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FE K A R b A R A AR, AR B0 i X 5 AC,
GC Ml ASV 135 SCHE AT s HEAT 1825 (B 43 7 R B
Wx-G/T. GBSSI-F. RM16. GBSSI-3-IF #1 RM15206
5 MR G T DU R AC: Wx-G/T M
RMG2762.HAU2762 wJLLHISKRTIIN GC, {Hukwe 5L
BTG alk-GC/TT A1 SSIHa-F 2 M7 5 1414 nl DU K
T ASV. i, Wx-G/T 7E AC Ml GC [])H 75 Fp
R B AT ORI 98 R 8L, alk-GC/TT 78 ASV [
J7 FEAE R () R AR 76.71%, RIAXTT AC Al
GC, Wx-G/T & FERAr s, ST ASV, alk-GC/TT /&
TR, X AT R B wTan, BT
iR CIVE gy i eb 0 B AR TRL i1 i prirti s = B = S Rl
45T B, JUHEYOE REUECR T AC F ASV [ [H]
JJSp T RitH
FEPRREA i PR PRI e S5 A7 e DR] Bk 2 Py e 7Y

BB, WRIKAR S BT B R Y F B Sl
AW S AC, GC. ASV 3 AH K H Tk %47
S A VAN R (VA s T P o e VAT e 2 VA
A SR RN AT 225 . KT AC, Wx-G/T A7y i 3
TRk AR, H Wx-G/T-T HAT e R IR R 0N
LAY EARFA LA WO30 Ik 22; %FF GC, DIk
K& Wx-G/T, SALEAIAE & Wx-G/T-T, 7Y
WARKPRE 58 AL A 016, FLIJE GBSSI-4-1F-C,
RGBS TP AMERL; X ASV, DTk iRk
(12 alk-GC/TT, RSN A2 alk-GC/TT-TT,
UMM R FERFERK Ao AEKFE RS R T, A
FHIX G 15 Flioh G BT (1 D0 e S5 A7 R R S 2844 e
G RIHMTE R A EEE, ATTREEAS AL
P e S A SRR T 3R A, AR 3005 R s R 9 H
(o Blnml R AT AC. GCy ASV [RCERA AT

SR AT AR SR RE WO030. TFF/MIURE. #8254
M TR E EARCEA . XLEERPRL A AC 5K
20N PRV AEA AR S AT 35 Wx-G/T-T 0 GC B8R40 8 g 25
1 AZ AT 15 GBSSI-4-TF-C FIXT ASV BAZE N () 554
A ST 34 alk-GC/TT-TTo &0 BUAT & R RLTF 4> 1
SR B 2 AR G, SEIUAN RLBAR 1 St R S50
FERFIHL o

4 i

SRS 2] 22 A5 K TR 3 DG I A
s HAR RS AC I GC RBCHINL AT 5 4.
AN IR DA S ARRE (R AR S L) (R S
14.11%—75.62% o 0 & T AR S fift B 22 45 K IR A& SSIla

] alk-GC/TT F! SSlla-F £i7 s LA K& GBSSI (] Wx-G/T
M1 GBSSI-4-1F {7 5, W] GBSSI H1 SSIa 2 5Wi AC.
GC I ASV 1) 2 N EHOER . A B8 A 2 413k AT
TH AT AC. GC A1 ASV R[5 B AR DL K 25
PRI, AT T AC. GC Fl ASV [ 4%
PR ¢ S AR R
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Part I: Allelic markers related to starch biosynthesizing genes

The molecular markers used for trait-marker association analysis in this study

L Frid J7 41 KA Rtadfk g R ik
Gene Primers Sequence Type Chromosome ~ (Mb) Locus Reference
GBSSI  Wx-G/T AATAACTGCAGTCTCTCTCTCTCT ARMS 6 1.77  Intronl [PV R
(Wx) TCAGGACATATATATGGATCTTGG SNP(A/C) TREHRTI L
ATCAGGAAGAACATCTGCAGGT
GAAACAAAGAATTATAAACATATATGTACAC
GBSSI-3-IF  CCCATACTTCAAAGGAACCTC ARMS 6 1.77  Exon6 SNP(A/C)  Larkin et al. 2003
CTTGAGATCAATTGTAACTCACTAT
TTCAGGTTTGGGGAAAGA
CCATTGGGCTGGTAGTTG
GBSSI-4-IF  CTGGAGGAACAGAAGGTCC ARMS 6 1.77  Exon 10(C/T) Larkin et al. 2003
GGCCATGACGTCCGA
TTCTGACAAGGCAAGAATGA
AAAGCCTCACCCCTTCTAAT
GBSSI-F CACAGCAACAGCTAGACAACCAC STS 6 1.77  Exon 2, 23bp Indels Wanchana et al.
CACGACGACGGAGGGGAAC 2003; Tian et al.
2010
GBSSII  GBSSI-IF  TGTGGTATACTTCTTATTAGACTTC ARMS 7 12.92 5’UTR SNP(C/T) Tian et al. 2010
CTGATACCTTGAGATGGTGTATA
CGCCAGACAAACTGTAATC
GGTGTCTTTCAGTGCTCCT
GBSSII-F TTGCTGCGAATTATCTGCG STS 7 12.92  Intronl2,33bp Del  Tian et al. 2010
ACCTCCTCCCACTTCTTTGC
SSI SSI-1-F GATCCGTTTTTGCTGTGCCC SSR 6 3.08 5'-UTR SSR Bao et al. 2002; Bao
CCTCCTCTCCGCCGATCCTG et al. 2006
SSI-2-F CTTCTATCCATTCCTTAATCCCA STS 6 3.08 Intron 14 7bp Del  Tian et al. 2010
ATGCTATTGATGTTAAGAGGGC
SSlla  alk-GC/TT ~ CGTTCGACCCGTTCGAGGACAC ARMS 6 6.75  Exon8 (GC/TT) E F DR E
(alk) GCCAAGCTTCTTCAGGGAGGCTA TREFEARGFE L
AAGTACAAGGAGAGCTGGAGGGTGC
ACATGCCGCGCACCTGGGAA
SSlIla-F CCAATACCGTAAACTAGCGACTATG STS 6 6.75 5-UTR 9bp Del ~ Tian et al. 2010
TACAGGTAGAATGGCAGTGGTG
SSIIb SSIIb-1-F AGATTTGAACTCAGGACTTGGTG STS 2 31.23  Promoter 17bp Insert Tian et al. 2010
TCTATGGGCTCTATCCTTACTAGG
SSIIb-3-F  ACAGTATGTTTGCCTCAGCG STS 2 31.23 5UTR 8bp Del  Tian et al. 2010
GTAAATCCACCCAGCCAGTC
SSIlc  SSIIc-IF CCTATAAAGCTCTCTTATACAAACTAC ARMS 10 1534  Intron3SNP (G/C)  Tian et al. 2010
CTAACATGAATGTCTACGGC
GGTTGCAGGTACATAAATTG
TTAAACTGTCTCGTGATGGTA
SSIlc-2-F  AGAGATCAAATCGTGGAAC STS 10 15.34 5UTR 6bp Del  Tian et al. 2010

TGGAGTGAAGTAGTGGAAT
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Gene Primers Sequence Type Chromosome  (Mb) Locus Reference
SSlIlc-3-F ATCTTTAGACGATTAGCG STS 10 15.34 3'-UTR 6bp Del  Tian et al. 2010
AAGTCACAAGTAGAAGGG
SSIlla  SSllla-F GAACTTGTGCCTTAAGCTGACTG STS 8 5.35  Intron 2 20bp Del Tian et al. 2010

GGAATAGTAAGCCGAAGGACTT

SSIIb  SSHIb-IF CCGTTTCTAGTTTATCTTCTGAAT TSP 4 31.54 PromoterSNP(A/T) Tian et al. 2010
TGCTCTTATGGTGGAAATCACG
TGCAACGGACGGCTGCTC

SSIIb-F AAGAAGGGAAGGGAGTCAGC STS 4 31.54 5'UTR9bp Ins/3bp Tian et al. 2010

GCCATCTCCATTGCCAGC Ins/ 2bp Del

SSIVa  SSIVa-IF GACGCCGTTAACTTTTTCTAA ARMS 1 30.37 5°-UTR SNP(T/C) Tian et al. 2010
CGAATGGCCAAACCTG
ATAACCCGCTGCTATTCTCT
CCGTTGACTTTTTCTCACAT

SSIVb  SSIVb-1-IF  CTGCTACAGTCCCTTTCG ARMS 5 26.4 Intron5SNP (A/G)  Tian et al. 2010
TGGGCCATGCTGAAT
GAAAGATAGGGAAATTGTGG
ACTTCGGTGAGAAACAAACT

AGPL1 AGPLI-IF  GCAGGGTATGAGGCG ARMS 5 28.79  Intron 11 SNP (A/G) Tian et al. 2010
GATATAGAAAGTTCATTCCAGGT

GTATTTGGTCTGCTTCAAAA
AAGCCTTCAGGTCAGTATCT
AGPL1-F CGTTCAGGTTCAGGCAATCA STS 5 28.79  Promoter region Tian et al. 2010
GGAAGGGTGGTGATGTGGAG Sbp/8bp Del
AGPL2 AGPL2-1-IF GTTAACCAGCCAGAAGACTG ARMS 1 25.69 Intron 1 SNP(T/G) Tian etal. 2010

AACTACACCACATCAATTACCA
TGTCGTTTTCTTTTTATTGAA
TATATACGCACTTCCTGTGC
AGPL2-2-IF CGTGTACCTAACGATGCGT ARMS 1 25.69 3'-UTR SNP(G/T) Tian et al. 2010
AAGTTTATTTGTCAGTATTGAACTC
TGTAAGGAAATGAAGAGCG
CGTAATACTAGGAGGGGTCA
AGPL2-F CAATCGCTGCCATCGGTTG STS 1 25.69 3'-UTR 5bp Del ~ Tian et al. 2010
TTCCACATCGTTAGGTACACG

AGPS1 AGPSI-1-F  TCTATTCTCAGCCCTCCAACC STS 9 7.25  Promotor 29bp/39bp Tian et al. 2010
GTGTGTTTAGAGGTGCTTTTCG Del
AGPS1-2-F TACGCTATGCTCTTGAAAC STS 9 7.25 Intron4,31bp Del  Tianetal. 2010
TATCTTCCCAGTAACCATCA
AGPS2 AGPS2-IF  ATGTAAACTGTTAGAATCGAATAC ARMS 8 15.54 Intron 2 SNP(C/T) Lietal. 2008

CATCCTTATCATTAAGTCTGCTA

CAAAAGCACTCATTGGAAC

GTCAAGAGCCTATGGGAAC

AGPS2-F GACGAAAAGTGAAAGTTGC STS 8 15.54  Intron 6 AT Del Li et al. 2008
GGTTCTTGATGCTGATGTG
BEI BEI-1-IF TGTTAGCTTCATGTTCTTATTTC ARMS 6 3091 Intron 6 SNP(T/C)  Tian et al. 2010

CAATTCAGTAACTGTCGCA

CCTGTAGGTTATCAAATTGC
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Gene Primers Sequence Type Chromosome  (Mb) Locus Reference
CAGTGTACATTTCCTTGTCC
BEI-2-IF GGCTATCAGGCTTACTATCGT TSP 6 3091 Exon 14 SNP(T/C) Han et al. 2004; Liu
TTTCAACAACCGCCCTAACTCA etal.
CCTTTCTTGCCACAATCGTCC 2004; He et al. 2006
BEI-2-F GTGGGGAAAACAAGTAAGTCTG STS 6 30.91 Intron 2, 15bp Insert Tian et al. 2010
AGTTCCATCAGAAGAATCAGGG
BEI-4-F ATTTCTTTGGCCACAGGCGA SSR 6 30.91 Intron 2 (CT)n Bao et al. 2002b;
CCCAGATTCGGAACAAGAAC Bao et al. 2006
BEIla  BElla-1-F CACCAATTATATTAGCGTGCTCC STS 4 20.05 3'-UTR 22bp Del Tian et al. 2010
CGTGGCTCTTGGCTCTCTTG
BEIla-2-F CCATCACCTCAAATACATCACTC STS 4 20.05 3'-UTR 13bp Del Tian et al. 2010
AGACTGGAATGCCCCTTAGG
Bellb BEIIb-IF GAAGGAGCAAGAAAAACAAC ARMS 2 19.36 3'-UTR SNP(C/G) Han et al. 2004; Liu
TTCACAGATTGCTGGCTAC et al. 2004; He et al.
ACCTGCGTTGTCTATGCTC 2006; Bao et al.
CACCTTGAAATCACTGGAA 2006; Lee et al. 2009
Bellb-1-F TCGGTCCTAATATTTTGCGCTG STS 2 19.36 5'-UTR 13bp Indels Yan et al. 2005; Yan
CCTTAACTTGACACCGAATCCG et al. 2007
Bellb-2-F AAGGTTAGCATTGGTTGGTGAG STS 2 19.36 3'-UTR 28bp Indels Tian et al. 2010
TCTCCTTGAACAGCGACAGC
Bellb-3-F GTGGGGTTCTCAACTTAGC STS 2 19.36  Intron 6, 56bp/32bp Tian et al. 2010
CATCAGCATTGTTAGGCAG Insert
ISAL ISAI-IF AGAGTTTTTGAGAGTGGCAA ARMS 8 25.77  Promoter SNP(G/A) Tian et al. 2010
TTTGAAAAAACAGGACGC
TTTTAATCTCCCTGTCTTGC
ATTTTGTGAGCAATGTTGAA
ISA1-2-F TGTGGGAATACCTTCAACTG STS 8 25.77 Intron 8 10bp Insert Tian et al. 2010
ATAAAACCCTTACAGGCTTG
ISAI-F ATAGATGCTAATGTGATGTGGC STS 8 25.77  Promoter 10bp Del He et al. 2006; Tian
TGGTATAGGCACAACCGTAGA etal. 2010
ISA2 ISA2-2-IF CGTACGGGTCCAACAGTGAGA ARMS 5 19.07 Iso2_GA_Refl1712  Kharabian-Masouleh
CGGTGGCATCCGTCG etal. 2011
CCTTCCCCAGTTGTAGCTCG
AATGCCAATGCCGTTTCTCT
PUL PUL-1-F AGAGAAGGAGAAAGAAGTGGAGAC STS 4 4.39  promoter region Tian et al. 2010;Yan
GTCCAAACTGAATCACTCAATCG 13bp Del etal. 2010
PUL-2-F GACAACCGTCCGCTTTAGTTTC STS 4 4.39  promoter region Tian et al. 2010
GCATTTGAGAGGGTTTGGATTC 6bp/9bp Del
PUL-3-F CTGTATGGACTGAGTAGTCGATGG STS 4 439 Intron 9 53bp Del  Tian et al. 2010
TGAGCCTCATCTGCCAGAGT
PUL-4-F TACACCATCCTCACTACCA STS 4 4.39  Intron 15 18bp Insert Tian et al. 2010
GCAACATCTAAAACACCAA
PUL-5-F ATTGGCATTTGTAAGTTTC STS 4 4.39  Intron 24 240bp Del Tian et al. 2010
CAATCTTGGTTTTATCCTG
PUL-6-F ATTTAACTGTATGGACTGAG STS 4 4.39  Intron 24 240bp Del Tian et al. 2010

GATACCAACCAAACAAGA
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Part II: Linkage markers related to phenotype of rice grain

Frid ER 514 AEELY et f (OACH SCHR
Primers Forward Primer (5'-3") Reverse Primer (5'-3") Chromosome ~ (Mb) Reference
RI02451 CCCTCTACCTCCAGTTCTTCG CATGCTGGTAGGCGTTGTACT 1 0.6 Tan et al.
RM10074 GTCGCGGGTACATGACACAAGC CGAGCTGTTACGGCAATCTCTATGG 1 1.34 Tabata et al.
RI102341 CGCATGGTTCAGTAGGTGTG GTGTCTGTCCTGCACCTGAA 1 2.77 Chen et al.
RM3604 CAGGAACCAACCTTCTTCTTGACC GTCAGACTCCGATCTGGGATGG 1 5.14

RM3360 ACTTACACAAGGCCGGGAAAGG TGGTAGTGGTAACTCTACTCCGATGG 1 5.23 Ashikari et al.
RM10316 AAGATCGCTGGGAGATCTGTAGG GCATGCTAATTAGTCAGCCTTGG 1 5.29

RMG2746 AAATGGGCTTCCTCCTCTTC CAGCCTTGATCGGAAGTAGC 1 6.15 Zhang et al.
RM10376 TTAGTTTAACCGCACCGTACACC GGTCGTTGAATTGGTGTCAAGC 1 6.28 Yu et al.
YN27 TACCACTGAACCCACGTGTC GCTGCCTTTGTTCTCACGTT 1 6.52 Liu et al.
RM10390 GCAACGTTACGTCTTGGCATGG CCTCTCGCGTCTCTCTCAACG 1 6.58 Yuetal
YN34 TGTGCCATATCTGTGCCTGT TCGGTTAGGTCGGTTAATTCC 1 6.63

RM10398 TCTCCTTGCTCTACTGCCTTTGG TTCTGCAACTTGCCAAGAAGACC 1 6.67

RM3403 CTGCCTCCTCCATTTCCCACTCC CGAACGACTGCTCCCTCTTCAGC 1 3532 Tabataetal
RM8278 ACTGCGAACTACACTTTCACTGTACC  GACTGACTCGCATGCTTTCC 1 36.95  Shirasawa et al.
SBG1-S GGCGAGACTAATTTTAATCATGG GAATACATGGGCCGTGTTTAGA 2 2.98 He et al.
RM12827 GCTCTGGCACCGAGATTATTATAGC GAGAGACTGCGACCTCTGTAGCC 2 8.11 Song et al.
RM12833 TCTGAGGCGAGGTAGGTTGTCG GACATGAGCTCCTCCAGCTTCC 2 8.16  Yoonetal.
RM12878 AAATGGACCAAGACGAACAGAGG GTAGCAACGCACTGAATGTCAATAGG 2 8.82 Chen et al.
STS5803.7 GAATGGATGGATGGATCGAG GTAGGGTCCGGCGAGATATG 2 9.04

RI05333 TGTTTATTTTTATTACAGTGCTTTG GCCAAGTGAGAAAGGGAAGA 2 21.59 Terao et al.
RMG2762. GACGGGTCAGCTACCGTAAG TCCCCCCTCTAAAACCCTAG 2 2246  Zhangetal.
HAU2762

RI104841 ACGCATGCTGAGAAAATTCG TCTCACGGAGACATTGCTTG 2 24.19

RM3872 GGCTCACCAAATTAAGAGCTTGC TGATGATGCTTGCCTTAGTGTCC 3 6.83  Zhouetal. b
RM1338 TGCAAGTTGGACTTCAAAGAGG TGGATTCCTTCTTCCTTTCTCTCC 3 8.37 Liu et al.
RM14820 AGGTCGTCGATGTCCCTCTCC AAACCATCGTGGCATCATCTCC 3 10.79 Tan et al.
RM14823 CCTGAATGGTTGAATCCTCTCTCC ATTGTACTGGCATTGGTGGAACG 3 10.82

RGS1 TCCACCTGCAGATTTCTTCC GCTGGTCTTGCACATCTCTCT 3 16.69  Wangetal.
JL109 TGGAGCTGTGGACTACTGGA TCCCTGAGCCTACCTGTCAT 3 16.7 Guo et al.
RM15206 CATTTCTTTGCCCTCGATCTTTCC AAGCGCCATAATCCAGGAACC 3 16.77

WGW19 ACCAAAATGGAATACCGAACG TAACAACACGCAATAGAAGG 3 16.93

RM16 CGCTAGGGCAGCATCTAAA AACACAGCAGGTACGCGC 3 23.08

W3DI16 CCCGCTTGAAAACTAACAC ACACGCCTAAGCAAATGTA 3 30.26 Liu et al.
RM15885 AAGAACGCCCTCGACATCAACG ACTTGGACTCTCCCGTCGTCAGC 3 30.27

RM15948 GAGAGTGGGTGAGAAGGATCAGC ACAGCAGATTTGTTGGCATCTGG 3 31.31

HL921 ATGGCTTCAGACTTCAGAGT CAAATTAACCTTCAGGCAAG 3 35.12 Jiang et al.
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Primers Forward Primer (5'-3") Reverse Primer (5'-3") Chromosome ~ (Mb) Reference
HL944 TGCCAGCCTAGCGAGCCTAA ATTGCAGCGAGCTACACG 3 35.16

RM16232 GACTCATCCGCTGAGAGTTTCG GAGGTATCCGGAGAGGAAGAGG 3 36.17 Heetal
Y42 AGTGTAGAACAGCACTGGAATC AAGCTTAGCTACGCTAATGACC 4 19.37  Zhangetal.
Y48 TCACCATATGGAAGCATCAAG TATGTGTTTGTTCATGTGCAC 4 19.38 Wang et al.
RM5586 AGATGGCTGGCCAACAGACTGG ACAATGCCCATCCACTGCTTCC 4 19.71 Wang et al.
INVI TGGATTTAGGCTTGTTTGAGC CGTGACCTGCATGTTTCTCT 4 20.23

RM16942 CCAGTACTCTCGCTCCACTCTCC ATCGCTTTCACGTCACCAAGG 4 20.37

SSR9 CTCGTCACTCTCACCACCAC CCCACTGACAAGCACACGTA 4 21.58

RM17307 AGAGCTTGGAGGCACCAATACCG AGAAAGAACTCCGGCCACCTTCG 4 27.33 Zou et al.
RM17363 GGAGCAGGCATCTGATCTAGGG CAGTTGGGCAACAGATCCATCC 4 28.54  Kobayashi et al.
nkssr04-19 CTGGAATCACAAACCACGAC GCTACCTCAAGCTCCACGAC 4 30.72  Fanetal.
RM3276 TCCGTCTCGACTCTTCCATC GATGAGACACCACGGACATG 4 30.72  Deshmukh et al.
RM5478 GGATCCAATGCGATGCTACTCC CGAAACAGTCGCGATTAACTGG 4 3326  Chenetal.
RM3466 CAGGACGAGATCCAAGCCAAGG TCGTCCTCGCCACCACTACTCC 4 33.83 Zhouetal. b
RM589 GTGGCTTAACCACATGAGAAACTACC TCACATCATTAGGTGGCAATCG 5 1.38  Tanetal
RI0399 CCTATGTCGCCACTCATCG CACAACAATGCAGTCCCATC 5 3.29 Lietal.

C62 GATTGACTGATAAATTGACAGC CTAACTCCCATGGAATTAC 5 338 Lietal
RM574 GGCGAATTCTTTGCACTTGG ACGGTTTGGTAGGGTGTCAC 5 3.39

RM17947 GTTCTTGCCTTCTCGGCATGTGG GGTCACTGATTCCACCATTCACACC 5 3.48

RM18033 AGAGAGACGAGAGCTTGCTGTGC TACTTCCTCCATTCCTGGTCTCC 5 5.31 Wan et al.
MS40671 TTTGATTGCCATTATCGAGTTAG GTGTGCGTGAAGAGAACAGT 5 5.34

RM18035 CCGTGGTGATAAACTGTTAACTGAGG  CGCATATGCATCAGCATCACG 5 5.34

RMw513 GTATTTGTTTGTCGCATTC TAGGACCATAGATGTGAGTTA 5 5.36

RM18360 TCGAGACTGATCGGAGTTTAGGC CGCTCCTCCCTAACACCTCTACG 5 14.09  Ebitani et al.
RM163 CGCCTTTATGAGGAGGAGATGG AAACTCTTCGACACGCCTTGC 5 19.17  Ebitani et al.
PPDKBSSR1 GCTTGAAACAAGCTAAAATACCG CAGATTATTTGCTCACGCTATAAAA 5 19.65 Kang et al.
RM18751 CCGTGTGTTGGCTTAGAATCAAGG GCCACTTTCCAAACATCAGAAAGC 5 21.11

RM3575 ACAGCCTCAAATTGTGAGCAAGG GCTGTATGATCTGTATCCATCCATCC 5 21.31

RM31 CGCTCCTCCACTCTTCTCCTACC CGTGCAGAAAGTCCATTACTCTCC 5 28.59  Tanetal.
RM3414 TAGGGCAATTGTGCAAGTGG TTGGGAATTGGGTAGGACAG 6 2.88  Baoetal
RM204 CTAGCTAGCCATGCTCTCGTACC CTGTGACTGACTTGGTCATAGGG 6 3.17  Zhouetal.b
RM253 CCATCTCTGCCTCTGACTCACC TCCTTCAATGGTCGTATCTTCTCC 6 5.43 Shirasawa et al.
RM7179 CACGTGTCAGCTTAAGAGCG TTACATCATAAGCCCGCAGG 6 1938 Guoetal.
RM20201 TTAGAGGTAACGGAGGCACAACC GATGGCTTGAGAGCGTTTGTAGG 6 20.16

RM3187 TCCCCACATCGTGTCGTC TTTTTCCCCTTCTACCCTCG 6 20.58

RM162 TTGTTCCAGTTCAGGTCTTGTGC CCCTACAAACACCATAAGAAGCAACC 6 24.04  Liuetal.
M10 GGATTTTTCTTTCCACCTTTG AGGCATGAACTTGAAGTGAGTC 6 2428  Wuetal
M9 AATGAATAGATTACCACATGCTA TGCCTCTTATTTTACTTTTCTTT 6 24.38
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Primers Forward Primer (5'-3") Reverse Primer (5'-3") Chromosome ~ (Mb) Reference
RM20547 CTCTTCTTCTTCTGTCCGTCTTGG CCATCTTCATTACCGACCTCTGC 6 27.03 Zhouetal. b
RM30 GGTTAGGCATCGTCACGG TCACCTCACCACACGACACG 6 2725  Qiaoetal.
RM6926 CGATCGGCCTATCTTTCTGTGC GCTAGCAGTGGGATCATGTTTGG 6 28.59
RM3765 ACACCATGACACCAAAGGAAGG GGATGCTTCCAATCCTCTCACC 6 29.21
MID06029 TGAAAGATAATAATCTGTAAGGCAGTT GTGATTAGCGTTGCCACTGA 6 30.28
RM481 TAGCTAGCCGATTGAATGGC CTCCACCTCCTATGTTGTTG 7 2.87  Tianetal.
1D52 GTTTGGTGGTGTTCATGGTCT GATCAGCTCTCACCAATCCAG 7 2.88
RM5436.2 CAAAGGGGGTGTCCTCTATG GTTGCTCGTCCTACATGTGC 7 9.07  Xingetal.
RM5499 GGACGAAAGGGTATTTGATTGG CCTCAAGGTGGTCTCCTTCTCC 7 9.99
InDell CCATAGTAAGACGACCTT GATATTCTGTCAGCAGTT 7 24.66  Shaoetal.
RM21945 CTACACAAGTGAACGCCATCAGG GTTCTAGGGTGTCCTTTCATGAGC 7 24.93
RM21964 AAGACAGCCTTCAAGGGATTTGG GTACGTGCACCGAGCAGAGC 7 2529  Zhouetal. a
RM22020 CGTTGAGACGGTCACCTAATGC GCTCAAATGTTTGACACGAAGC 7 26.28
RM6389 GACGAGGAGTTCGTCGCTAC CCTTCTCCTTCGTCTCCTCC 7 28.28  Baietal.
RID711 GCACATGCATGCTAGGACAT AGCCGGTAAATTTCTTGCAC 7 28.48
RM408 AATTGCCCAACGAGCTAACTTCC TGAGCTGTTTGTGCTCTTCTACTTCG 8 0.12  Tabata et al.
RM22483 GACCATGGTGTGAGTGTGACAGG CAAGTCCTACCTCAACCGCTACC 8 433
RM310 CCAAAACATTTAAAATATCATG GCTTGTTGGTCATTACCATTC 8 5.11 Zhang et al.
RM126 CGCGTCCGCGATAAACACAGGG TCGCACAGGTGAGGCCATGTCG 8 5.22
RM30000.CNR99 AGCTCACCTCGTTTTGCGTA CGGACAAATTCGTTCACCTC 8 21.7 Xie et al.
RM23427 AGGGAGTCGGAGACCATGACG TACCGCGTATCATGTCCTTGACG 8 25.21 He et al.
RM502 GCGATCGATGGCTACGAC ACAACCCAACAAGAAGGACG 8 26.36 Wang et al.
PSM711 ATGACCGTCTGCTTCCTCTAA AACATCGACAGGGAGAAGTGC 8 26.37
RM15937 GGAAGAACCTGCGTATCAAGACC CCACACGGAAGCAGAATTAGCC 8 3094  Yanetal.
RM23748 CTCTGGGAACAAACTTGACAATGC CAATTTGCAGGCTATGCTACTGC 9 3.09 Chenetal.
RM24718.CNR111 GACCAACGTGCATGTGACTT GCTTGCACTAGGGCTCCTT 9 20.9 Xie et al.
RM171 AACGCGAGGACACGTACTTAC ACGAGATACGTACGCCTTTG 10 18.79  Chenetal.
RM6745 TGTTCTCAACACAAAATTCTCT ATCGTAAGCAAAGTGCATAA 10 18.9 Tan et al.
RM27073 CCACGTGTCAGTCATCCATCTAGG GGTCTGCTCGATTACCATCAAACTCC 11 2347  Chenetal.
RM27792 GAAGAAGAGAGACTAGGGAGAAGACG CTTGTACCAGCAATTCTCTGTCC 12 7.1 He et al.
RM28502 CGAGCAGATCTGATGTCGTCTTCC CTTTGCTTTGCATGCCTCACG 12 23.41 Terao et al.




